Modern lifestyle has created a new species of tourist who makes several short city trips per year and uses high-tech equipment. LoL@ (local location assistant) is a location-based multimedia UMTS (universal mobile telecommunications system) application that aims at supporting this class of tourist. LoL@ offers maps, localization, and routing functionality, and speaker-independent speech input. To stay in contact with people at home a tour diary is offered. Technical constraints like limited bandwidth, connection loss, and varying localization accuracy have to be accounted for. Although the field trials have not been completed yet, it can already be seen that map representation on smart phones with small displays is feasible.
Introduction
In 2000, the project "LoL@" (local location assistant, see Fig. 1 ) was started at the Telecommunications Research Center Vienna (ftw, Forschungszentrum Telekommunikation Wien) with the aim of investigating location-based multimedia universal mobile telecommunications system (UMTS) applications.
LoL@ is a research prototype of a mobile electronic tour guide designed for tourists visiting the city center of Vienna. The application provides predefined tours through the city center, information about the sights (called PoIs, points of interest), navi-In contrast to partly offline and completely offline applications as presented in Cheverst et al. (2000a) and Long et al. (1996) , a network-centric "always on" approach was chosen: end-user devices are constantly connected to the application servers via UMTS or GPRS. With the convergence of personal digital assistants (PDAs) and cellular phones as described in Forman (2000) and Spohrer and Stein (2000) , powerful devices with network connectivity can be expected. These smart phones will provide a mobile-specific JAVA execution environment called MExE (mobile execution environment), a device-independent framework for applications. Their processing power and memory will be similar to existing PDAs. Most smart phones will offer small color touchscreen displays with approximately 320 × 200 pixels (Sundgot, 2002) .
UMTS network providers will create alliances with UMTS application providers that may access the network infrastructure to initiate voice calls or to obtain the location of a user. In such a scenario, tourists will be able to access the LoL@ application server with their own smart phone. There will be no need for tourists to rent a device and learn how to use it. Of course, this model is still an option. Early usability tests show a preference for a rental/flat rate model because users are reluctant to pay roaming fees when using an application in a foreign network.
A central feature of LoL@ is navigation and routing. To determine the user's location, a hybrid approach was chosen. All cellular phones can provide a location estimate based on the current serving cell (cell ID). In some cases, smart phones will be equipped with GPS receivers. Both technologies can be used by LoL@. An interactive location refinement procedure helps to improve location accuracy, especially in small "street canyons" where GPS reception is poor because there are not enough satellites visible.
The system design was influenced by user interaction and technical constraints. To achieve a positive user experience, several mechanisms like consistent screen design, avoidance of application modes, multimodal user interface, and a suspend-resume functionality were introduced. Additionally, several technical solutions to improve application performance over slow links were chosen: part of the business logic resides in the terminal; network-initiated data transfers (push communication) are possible, and special care was taken with data flow design. More details can be found in Anegg et al. (2002) .
In the next section constraints for mobile applications are presented, LoL@'s application functionality is described, an overview of the architecture is given, and the information preparation concept is shown, followed by a description of speech control as used in LoL@. Location-based functionality and data flow design are also explained. The article then presents an outlook on future work and implications, followed by a conclusion.
The LoL@ System

Constraints for Mobile Applications
Developing applications for the Mobile Internet is a challenging task because of the constraints caused by network and device characteristics and users' needs.
Current mobile networks offer data rates in the order of some 10 kbit/s. Even in UMTS it is not likely that a single user may obtain more than 384 kbit/s, 144 kbit/s being a more realistic estimate (UMTS Forum, 2000) . Additional problems for realtime applications like streaming audio or video are the varying transmission bandwidth and delays (jitter). These effects are caused by network interworking functions and the mobile radio channel. However, early usability tests of LoL@ show that-apart from streaming multimedia and speech recognition-deployment would already be possible with GPRS. With high-speed wireless technologies, like UMTS or wireless LAN hotspots, even better performance can be expected.
Mobile device capabilities are still limited when compared to traditional desktop PCs. A PDA running PalmOS 3.x (Palm, Inc., 2001 ) usually provides only a monochrome screen with 160 × 160 pixels resolution and 8 MB of memory. Instead of a key- board, a touchscreen and text recognition are used. The target platform of LoL@ is a little more powerful, comparable to Windows for PocketPC 2002 (De Herrera, 2001 ) with a full-fledged Internet browser. These devices provide 32 or 64 MB of memory; user interactions are based on text recognition, a virtual keyboard, and simple GUI primitives. When developing the user interface, it is necessary to consider the limited keyboards and displays. Additionally, the outdoor environment must be considered. Direct sunlight, for example, can reduce screen brightness and contrast considerably.
Some of the technical limitations have to be compensated by the user. For instance, it is often not possible to show all relevant information simultaneously because of the small screen size. Scrolling is also inconvenient in a mobile environment; therefore, a hierarchical information structure must be introduced. This, on the other hand, causes higher demands on the user's short-term memory. Additionally, the user is not at home but in a potentially uncomfortable environment (rain, cold, frightening neighborhood) or might be stressed because he/she is lost and has an urgent need for information (e.g., to get to a ticket office before it closes).
Application Functionality
LoL@ is a prototype of an interactive tourist guide, allowing to study the possibilities of advanced mobile applications. It provides a map of the inner city of Vienna in two zoom levels (overview and detail) plus information screens with hypertext and multimedia content. LoL@ is based on conventional Internet software technology and user interface paradigms, extended by concepts to improve usability for the mobile domain. Three usage scenarios are considered:
• A tourist walks through the city (this is the most important scenario, see "Walk Through the City Scenario" below).
• A tourist plans his/her sightseeing tour in the hotel room (see "Hotel Room Scenario" below). This may be done using a PC or the user's portable device.
• A user accesses tour information and personal tour data from a desktop PC (see "Accessing Information From a Desktop PC" below).
General User Interface Considerations. Based on work such as Preece (1994) and Tognazzini (2002) , special considerations for a mobile application used by tourists were made: devices have small displays and suffer from bad contrast in direct sunlight, users are distracted and in a possibly uncomfortable environment, and can't be expected to carry a manual with them. Furthermore, the application has to be reliable enough for users to trust it with routing and navigation. Even though users will use LoL@ via their own smart phone, they still need to learn how to interact with the application. Tourists don't want to spend their time configuring or learning an application when they are on holiday (Davies et al., 2001 ). Rather, they want a tool that works "out of the box" and supports them with their task of exploring a foreign city.
Therefore, one of the main metaphors chosen for LoL@ was the map metaphor. In essence, this means that LoL@ can be seen as an intelligent successor of printed guidebooks like Polyglott (2000) . A map with two zoom levels is provided. Whether this is sufficient will be determined by usability tests. In the overview map, PoIs are grouped into regions of interest (similar to the destinations concept of Davies et al., 2001 ) and represented by a single symbol to avoid clutter. In the detail map, individual PoIs and street names are shown. Major sights, like St. Stephen's Cathedral, are displayed using dedicated symbols. Minor PoIs, like Café Landtmann, are displayed with a category symbol, indicating that the PoI is a café, museum, etc.
Unlike a printed guidebook, LoL@ can show already visited and remaining parts of the tour. Additionally, a user's location is shown in the map, supplemented with an indication of the current location estimation accuracy. Different location methods and environmental conditions may cause considerable variations in measurement accuracy. Especially for walking people, an accuracy of 100 m has a significant impact. Therefore, it was decided to avoid the well-known cross-hairs symbol. Instead, a disc whose color fades from the inside to the outside with a radius corresponding to the uncertainty of the location estimate is used (Fig. 2) .
Based on the experiences reported in Cheverst et al. (2000a Cheverst et al. ( , 2000b ) it was decided not to constrain displayed information or possible actions depending on context information such as user location.
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Context awareness is used only in the sense that the current location is used as the default-selected PoI, which is highlighted in the map. A user may click or tap on another PoI to change the selection.
Another well-known metaphor used in LoL@ is the browser metaphor, using hypertext links to provide text and multimedia information. This metaphor is used to present information about the sights and provide one of LoL@'s interaction channels. Users can interact with LoL@ by clicking on icons, hypertext links, and buttons, by selecting from menus, and through spoken commands. A server based, speaker-independent voice recognition system, described below and in Nuance Communications (2002), was chosen. A set of predefined voice commands can be used as "short-cuts" to perform specific actions (e.g., to access the tour diary).
The tour diary is stored on the application provider's server. This allows retrieval after returning from the trip and access for people staying at home during the trip. A readily available tour diary was deemed of great importance because most tourists who do not file their photos in an album or record their memories right away will never do so (Yang et al., 1999) . Nowadays, people often report "live" from their trips through the use of Internet cafés (Haberfehlner, 2002 ). LoL@'s tour diary goes beyond this. It can be used via the mobile phone, thus allowing to enter data without needing external infrastructure like Internet cafés. With digital cameras connected to or integrated into the terminal (like Sony, 2002) people can upload their pictures directly via the mobile phone. Additionally, convenient information retrieval via Internet terminals is possible.
Because tourists concentrate on their surroundings rather than the application, they would not remember the exact state of the application. Therefore, application modes were avoided as much as possible. The map screen and textual screens, for instance, can be seen as two differing "views" rather than application modes. If, for example, a new PoI is selected in the textual screen, this selection is also relevant for the map screen.
Users can personalize LoL@ by selecting the preferred application language. Automatic language selection, based on the subscriber identity module (SIM) settings, is possible. It can be overridden manually by the user (e.g., if the terminal is obtained from a local tourist office, which has an Austrian SIM but the user prefers French).
Due to environmental conditions like direct sunlight, which can diminish display contrast, careful color design has greater importance than for desktop applications. Clear icon design improves usability, especially for disabled (color blind) users or elderly far-sighted people who do not want to put on and take off their glasses all the time. Enhancements can be expected by new display technologies like transflective displays, which will improve readability in direct sunlight, and by higher resolution. On the other hand, a significant increase in display size is not to be expected because device size is limited. At the same time, increased resolution will magnify the problem for far-sighted people because it leads to decreased pixel size, causing details to be even harder to recognize.
Walk Through the City Scenario. In this scenario, a user actually walks on the tour. The realization is based on the "map-centric" approach described above. After selecting and starting the tour (Fig. 3a-c ), an overview map shows the complete tour area and regions of interest comprised of several PoIs (Fig. 3d ). This hierarchy is necessary due to technical constraints: the screen size and resolution of currently and in the near future available devices are too low to display all details in the overview map.
In contrast to human-guided tours, which force the tourist to keep on the tour and complete it in a time schedule set by the guide, LoL@'s concept of a tour is analogous to that of printed guidebooks (Polyglott, 2000) : the path of the tour is shown on the map and information about the sights can be requested. Tourists can take breaks or shortcuts whenever they like, leaving out sights or returning to sights as they please.
Objects can be manipulated by selecting them in the map and invoking the desired action by pressing a button. For example, selecting a region of interest in the overview map and clicking on the information symbol will bring up the details of the selected region (Fig. 3e) . By selecting a specific PoI, the PoI information menu is shown (Fig. 3g) .
The other possible options are to zoom into the detail map (Fig. 3f) or turn on positioning. The detail map is also used for routing (i.e., to guide the user from his/her current position to the next PoI on the tour). All visited PoIs are automatically included in the tour diary. Additionally, users may include comments and private data like digital photographs (Fig. 5a ).
Hotel Room Scenario. Prior to actually walking through the city, a user may want to plan the sightseeing tour in the hotel room and request information related to the sights. Consequently, the most important feature is the list of available PoIs and related detailed multimedia information. After selecting a tour (Fig. 3a, b) , a list of PoIs is presented to the user (Fig. 3c ). After choosing a PoI, the PoI information menu is shown (Fig. 4a) . This menu includes a button to access the personal tour diary ("My Data" button, see "Accessing Information From a Desktop PC" below) and three multimedia information categories:
"Information" gives an overview of the current PoI; it includes a brief description, address, and contact information, as well as opening hours and entrance fees (Fig. 4b) . The "Map" button can be used to see the location of the current PoI in the detail map (Fig. 4c ). "Details" (Fig. 4d) gives access to detailed historical information (including links to related PoIs, see Fig. 4e ), architecture description, a list of events (e.g., special exhibitions), and multimedia data. An example of multimedia data, related to the PoI "Stephansdom" is shown in Fig.  4f -h. "Virtual Visit" (Fig. 4a) is used to access a preselected list of multimedia information for a PoI, grouped into three categories (Fig. 4f) . Alternatively, a user may access a similar screen with the "Media" button in the details menu (Fig. 4d) . In the latter case, no information filtering is done (i.e., all available multimedia in- UMLAUFT, POSPISCHIL, NIKLFELD, AND MICHLMAYR formation for this PoI is shown). In a future version of LoL@, the "Virtual Visit" will honor the user's interest profile and prefilter available information accordingly. A basic profile may be set in the application preferences. As mentioned in Poslad et al. (2001) , additional details should be created automatically by monitoring user behavior. In many cases, a user will always select specific types of information (e.g., architecture details). Recommendations by other users can also be used to infer user interests. Such a concept is already available at some Internet e-commerce portals: for example, the Amazon Web shop (Amazon.com, Inc., 2002) . In this case, user patterns are created based on shopping behavior and the assumption that people who shared common interests in the past will also share interests in the future.
Accessing Information From a Desktop PC. The widespread use of digital cameras and the availability of Internet cafés has created the species of "interactive tourist." These individuals set up and maintain personal Web pages on the Internet during their trips (Haberfehlner, 2002) , which allows them to share information with friends who stayed at home. Additionally, tourists want to access the tour diary from their home PCs after returning. By default the tour diary is accessed directly within LoL@, allowing to add textual comments and digital image files (Fig. 5a ) and to view the diary entries (Fig. 5b, c) . Optionally, after user authentication, the complete tour diary may be downloaded for offline viewing or preservation on a CD-ROM. In this case, better graphical representation exploiting the superior displays and processing power of desktop PCs can be used. Also, all linked objects are embedded directly into the diary (Fig. 5d) .
Speech Control
Interface. LoL@ provides an interface for speech control in English, German, and French. Users can employ speech for quick access to eight application functions that may require a number of click-actions on the hierarchically structured graphical interface, depending on application context. Compared to a graphical pointing interface, In general, speech is also superior for text input tasks, particularly on small mobile devices, which suffer from a well-known "input bottleneck." However, text input through speech is not included in LoL@ because recognition rates of existing speaker-independent systems are too low. Another interesting aspect of voice interfaces for tourist applications is the immediacy of voice communication compared with graphical interfaces, which represent a more detached style of man-machine interaction. Some users favor the graphical interactions; and they may reject a system relying completely on speech control. In LoL@, speech is therefore offered as an add-on. Speech control is an alternative way of performing an action that is also accessible through the graphical interface (which avoids some potential problems like recognition errors). On the other hand, the immediacy of voice interaction has the potential to create a kind of intimacy between the user and the application, especially when using the user's native language. It also adds an element of entertainment, as users can experiment whether the application will understand them in foreign languages (e.g., in the local German). This entertainment aspect, by inviting playful experimentation, is further supported by the recognition concept. The flexible recognition grammar handles a broad range of natural phrases, such as "I'd like to see the map, please," instead of a strictly limited set of single-word commands such as "map." Evaluations of actual user preferences and comparisons of speech and manual input will be performed with the Lol@ prototype. They are also ongoing research topics at FTW in a number of projects.
Architecture
LoL@ uses a three-tier Internet application architecture enhanced by telecommunication-specific components (Fig. 6) . The business logic is split between JAVA applets in the terminal and JAVA servlets (Davidson et al., 2000) in an HTTP servlet engine. For multimedia, an off-the-shelf solution for streaming audio and video, namely the Apple Darwin Streaming Server and the Apple Quicktime Player (Apple, Inc., 2002) , is used. Speech recog- (Handley et al., 1999) and the GSM voice codec. An SQL database is used for textual content, and multimedia data are stored in the file system of the content server. Content preparation and transformation is based on XML technology (Bray et al., 2000) to easily support different output formats like HTTP or WAP. Emerging technologies like SOAP (Box et al., 2000) will possibly play an important role in the future of wireless Web services; however, for products to be deployed in the near future, introducing that much protocol overhead seems unwise (Poslad et al., 2001) . SOAP-based communication between terminal and server would additionally require even more advanced browsers in the terminal. Map preparation and route calculations are performed by a routing server (Geomedia Web Enterprise; Intergraph Corp., 2001) . Maps are displayed with a map viewer applet in the terminal (GISquadrat, 2001) . Additional details are published in Pospischil et al. (2001) and Friedrich et al. (2001) .
A detailed discussion of information preparation in LoL@ is provided in the next section, followed by a description of the speech recognition solution, location-based functionality, and data flow design.
Information Preparation in LoL@
Permanent network connectivity of the terminal via UMTS is assumed in LoL@. Therefore, all content data are stored in a content database on the server and prepared on demand. However, current and in the near future available mobile communications systems like UMTS offer only moderate data throughput compared to fixed network connections. Therefore, LoL@ does not work like a conventional "dumb" Internet application where the browser only acts as an information viewer. Instead, a part of the business logic is contained in the terminal. This is possible through the advent of application programming frameworks like J2ME and MExE. They avoid interoperability problems and support automatic downloading of necessary program modules (applets/midlets). Simple interactions like a button press, which do not cause an information update from the server, can therefore be handled directly within the terminal. This concept improves system response time and reduces network load. Network interactions are only required if complex commands are invoked (e.g., The terminal part of LoL@ is implemented using JAVA applet technology. LoL@ uses the browser's functionality to display hypertext information; multimedia streaming and map display are realized via browser plug-ins and third-party JAVA applets.
The server side of the business logic is implemented using JAVA servlet technology (Davidson et al., 2000) . Connectivity is provided using the standard HTTP protocol (Fielding et al., 1997) . Flexible templates based on XML (Bray et al., 2000) and XSL (Froumentin, 2002) technology are used for content preparation. These templates provide a means to model human-computer interaction flow in machine-readable and human-understandable form. They allow the integration of input data from various data sources with different access methods and data formats. Different output formats, like HTML or WML, can be supported easily by using appropriate XSL stylesheets. Templates consist of commands, links, parameters, and data (Fig. 7, right) .
In the left part of Figure 7 , the content preparation process is shown. The first step is template processing, consisting of three activities. In the initialization phase, actual values are inserted into all parameter placeholders. Now the embedded commands are executed to obtain the required data from the data sources. In the postprocessing activity, some items in the template are modified (e.g., links are removed if no content is available). The result of the template processing is a filled-out template, which contains all the data necessary to create the requested LoL@ screen.
In the second step, an XSLT processor is invoked. It transforms the intermediate XML data according to the rendering rules defined in an XSL stylesheet (Harold et al., 2001 ). In the current version of LoL@, the stylesheet defines HTML code for a Web browser. Based on the layout definition in the stylesheet, other output media (e.g., WAP browsers) can be supported easily.
A detailed discussion of the content preparation system can be found in Michlmayr (2002) .
Speech Recognition Technology
For a speech recognition solution that works robustly, a number of factors must be in balance. These include:
• size of the simultaneously active vocabulary, • speaker independence or tailoring/training for one individual speaker, • available CPU resources and memory, • quality of the speech signal reaching the recog- nizer, influenced by the microphone and the available data rate for transmission of the speech signal to the recognizer.
For the speech interface of LoL@, the size of the command vocabulary is small (three languages times eight commands per language, i.e., 24 speech commands). However, the capability to deal with flexible phrases increases the vocabulary into the range of a few hundred different, fluently spoken utterances.
A speaker-independent speech recognition system has been chosen to avoid a system-training phase. Training would have caused an unacceptable barrier for occasional users, such as tourists visiting Vienna for a few days only. Unfortunately, this concept is too complex to be handled with the computing resources of a smart phone or even a high-end PDA; at present, a high-end PC is used as speechrecognition server. Mobile phones currently support recognition of around 10 speaker-recorded words for name dialing, whereas high-end PDAs may recognize around 100 isolated command words. In the future, a significant share of consumer devices will support recognition of isolated application command words, whereas recognition of continuous, spontaneous speech is likely to remain server based.
Therefore, a server-based speech recognition system has been chosen for LoL@, similar to most speech interfaces used in telecommunications today. The mobile device sends the speech signal to the server over the mobile air interface. This imposes stringent constraints on speech coding data rates and introduces the possibility of transmission errors. For the LoL@ application, speech is GSM coded and then sent to the recognition server using Voice-over-IP, in particular through a SIP/RTP connection.
The speech recognition solution uses the Nuance 7.0.4 speech platform and Voice Web Server product (Nuance Communications, 2002) . The recognizer is optimized for telephone speech and the associated low-quality microphones. The GSM-coded speech is converted to PCM before feeding it into the recognizer, because no recognition module for GSM codecs is available. In the near future, comparable speech recognition solutions can be built using Distributed Speech Recognition (DSR), a concept for speech recognition standardized by ETSI (2000) . In this case, the software or hardware of the mobile terminal extracts a defined set of parameters characterizing the speech signal. These parameter vectors are transmitted over the air interface with some error protection. This approach reduces the data rates required for speech recognition to about 3-5 kbit/s.
Location-Based Functionality
When positioning is turned on, the position of the user is displayed in the map. Additionally, routing can be used to find a destination by navigation with interactive maps. A destination can be the next or a random PoI or an arbitrarily selected place on the map.
LoL@ proposes a hybrid localization concept using several location methods in combination with user interaction, which complement each other. In the current version of LoL@, GPS is used as the location method. As mentioned in Davies et al. (2001) and confirmed by an extensive measurement campaign in the inner city of Vienna (Anegg et al., 2002a (Anegg et al., , 2002b , GPS has problems in urban areas with narrow "street canyons." In such an environment, often too few satellites are visible to obtain a positional fix. In such situations, a complementary technology must be used to keep location accuracy high. On the other hand, GPS would be the preferred method to use in rural areas. Location methods based on radio system characteristics (cell ID) and radio signal propagation are currently being studied (Anegg et al., 2002a) and will be included in future versions of LoL@. Additionally, LoL@ involves the user in the location process, similar to the approach in Davies et al. (2001) . Finally, a micropositioning concept similar to Long et al. (1996) is foreseen, based on short-range Bluetooth beacons.
When positioning is activated, the location server requests a location estimate from the terminal (when GPS is used) or the network operator's equipment in the case of cell ID-based methods. In the next step it performs some calculations (e.g., coordinate transformations). The resulting position is sent back to the terminal to be displayed in the map (Fig. 8a,  b) . To represent the uncertainty of the location estimate the user position is shown as a disc with a radius that corresponds to the current accuracy; the color and opacity of the disc fade from the middle to the edge of the disc (Fig. 2) . Unfortunately, the current version of the map software (GISquadrat, 2001) does not allow showing such a symbol yet. Therefore, the accuracy information is only available by clicking on the user position symbol (crosshairs, shown in Fig. 8b ). This displays location accuracy and measurement time in a textbox (similar to a tool tip).
In addition to displaying a tourist's position in the map, LoL@ can also generate routing information with a graphical and textual description of how to reach a destination. Routing always starts with the determination of the accurate user position. If a user has confirmed arrival at a PoI previously and this PoI is within the location accuracy it is assumed that he/she is still located at this PoI. If the measurement data do not match the location of the PoI or there is no current PoI, an interactive positioning procedure is performed. In such situations, the location system calculates a location estimate and an accuracy value. A list of street names within the accuracy radius is presented to the user, who selects his/her current location (Fig. 8c) .
After having identified the starting point of the route, the route to the destination is calculated and shown in the map (Fig. 8d, e) . The current route segment, already passed segments, and the remainder of the route are shown in different colors. The user confirms arrival at every route segment and eventually at the destination. If the tourist asks for navigation from one PoI to the next, he/she is always routed along the path of the predefined sightseeing tour, even if a short-cut to the next PoI exists. The tour path was chosen to be touristically interesting and visually pleasing. Routing information along the tour is enhanced by landmarks (Friedrich et al., 2001 ) (i.e., prominent points between the PoIs that are not sights themselves, such as a post office).
Alternatively, the user can get a textual list of all streets, landmarks, and directions of the complete route (Fig. 8f) . If there is a landmark at the current segment of the route, its details can be obtained by clicking on the appropriate link in the route description (Fig. 8f) .
Optionally, a user may activate voice routing, a text-to-speech engine that reads the routing information so the user can concentrate on looking at street signs instead of the display. This is especially useful for elderly far-sighted people who would have to constantly put on and take off their reading glasses. Even though the experience of Cheverst et al. (2000) warns of using too much spoken output in this special case it offers a distinct advantage. Users can keep their thumb over the "Next" button and listen to one sentence of routing directions at a time. After press- Route segment finished Arrived at next PoI ing "Next" (which can be done without looking at the device), the next sentence of directions will be read.
Data Flow Design
In many Internet applications a stable high-bandwidth connection is assumed. This assumption is violated in mobile communications systems. Such systems offer only some 10 kbit/s bandwidth and connection losses may happen quite frequently.
To use the limited bandwidth efficiently, data compression for multimedia information is used wherever possible. This includes compressed vector data for map display and efficient voice and multimedia codecs for speech recognition and streaming. For speech transmission the 9.6 kbit/s GSM voice codec was selected instead of the 64 kbit/s PCM codec used in Internet Voice-over-IP systems. Streaming video data are encoded with the H.263 codec, allowing transmission of 4 frames/s with 160 × 120 pixels in 32 kbit/s. The current version of LoL@ assumes that no additional data transfers happen during streaming and the total available bandwidth can be used for the multimedia data transfer. If other applications on the smart phone also use bandwidth, a system like Noble (2000) would have to be employed.
To further reduce network traffic over the air interface a push mechanism was devised. This concept allows to send data to the terminal asynchronously (e.g., when a new location estimate is available or a speech command has been recognized). Unlike conventional pull-based HTTP communication, this avoids having to poll the server to find out about asynchronous state changes. The business logic in the terminal treats push information similar to user activity directly invoked on the terminal (i.e., it performs the requested state change or updates the map display).
To cope with connection losses a seamless resume functionality is provided. If the connection is lostby network loss or simply because of an empty battery-a user may restart his/her Web browser and access LoL@ through the initial URL (i.e., http:// lola.ftw.at). The system was designed to recognize such situations and allow a seamless restart by recovering major program states. To achieve this, all major state changes at the terminal are sent to the server part of the business logic. Minor details (e.g., the scroll status of a map) can be lost. This is a tradeoff between status update frequency, network load, and resume accuracy. It is assumed that users will in most cases not even notice the loss of minor state information. If, for instance, the user decides to have lunch and switches off the terminal, he/she will remember that the last screen was a map, showing Stephansdom. However, he/she will probably not remember the exact map layout (i.e., whether the cathedral was centered or shown in some corner of the screen).
Future Work
The following implications for tourist behavior and tourist agencies can be foreseen:
• Tourists can access the application and be charged through their phone bill.
• Tourists can report "live" from their holidays through their diaries and stay in contact with people at home via a guestbook integrated into the diary.
• Because the tour diary is hosted on a provider's server, access to the diary could be a possible new source of revenue for a tourist agency.
• An additional venue for tourist agencies and tourism-related businesses could be services like the production of diary CD-ROMs or DVDs very much like in the digital photo industry.
During the summer of 2002 an extensive trial campaign to evaluate the LoL@ system is planned. These trials will evaluate usability issues and technical aspects of the system (e.g., location accuracy and data throughput). The usability study will be conducted by students attending a user interface design and usability course. Because the software environment of current PDAs does not provide all functionality that is required for the map viewer applet and the speech software, a laptop is used for the demonstration of LoL@ although the processing power of current PDAs would be sufficient.
Currently several system enhancements are planned:
• Instant messaging: This extension will allow communication among a group of tourists (e.g., to notify all group members about interesting sights or a leaving bus). A location-based component may be included to obtain the location of other group members.
• Extended context and profile awareness: Tour details will be sorted w.r.t. date and time (e.g., to consider opening hours of museums). The "Virtual Visit" menu will present information according to the user's interest profile.
• Click-to-call: By clicking on a link within LoL@, a voice call can be established. This mechanism will allow the integration of ticket booking or room reservations into the application.
Conclusion
The aim of LoL@ is to implement and validate a prototype of a location-based multimedia electronic tourist guide based on UMTS/GPRS. For such an application, several constraints need to be considered: usability, technological, and environmental constraints. Tourists will only find a tool useful that works "out of the box" and supports them with their task of exploring a foreign city. Therefore, in order to ensure an easy-to-use interface and satisfy further usability requirements, well-known metaphors like the map and browser metaphor were used. LoL@ offers speaker-independent speech control in English, German, and French. An electronic tour diary is provided to support the new species of "interactive tourist" with a possibility to report "live" from their trips and stay in contact with people at home.
Technological constraints like limited bandwidth, possible loss of network connection, and varying localization accuracy must be taken into consideration. Flexible content management and information preparation are a must in today's ever-changing world. LoL@ uses a network-centric "always on" approach and a three-tier Internet application architecture enhanced by telecommunications-specific components and methods to reduce network load and cope with connection losses. Content is managed through flexible templates that model the workflow of the application and provide an abstraction layer to separate content and presentation. For localization, a hybrid concept combining multiple measurement methods and user interaction is used. Although the field trials have not been completed yet, it can already be seen that map presentation on smart phones with small displays is feasible. Even routing functionality can be implemented using such devices.
New venues for the tourism industry can be envisioned: application usage can be charged through the tourist's phone bill. Hosting and access to the tour diary as well as production of the tour diary on media such as CD-ROM or DVD could be possible new sources of revenue.
